(TL), total weight (TW), maximum body height (BH), maximum body width (BW), length of pectoral fin (PFL), length of dorsal fin base (DFL), height of dorsal fin (HD), head length (HL), occipital height of head (OHH), mouth height (MH), mouth width (MW), eye diameter (ED), snout length (SL), snout depth (SD), and snout width (SW). The 14 morphometric characteristics are explained in Figure 2 . To ensure standardization, all measurements were performed by the same person using calipers (nearest 0.01 millimeter) on the right side of the pipefish. The specimens were weighed using a digital balance to the nearest 0.01 g. The sex of the specimens could easily be determined macroscopically.
A linear regression of various body parts against the total length and head length was carried out using the least-squares method. Thorpe (1976) noted that only morphometric data could be statistically adjusted to permit the comparative analysis of shape independent of size in variations in the size of fish from different locations. Thus, to minimize the influence of size differences on the subsequent results, the original measurements of morphometric characteristics were standardized. Six morphometric characteristics were expressed as % TL and 7 as % HL. This technique is commonly used in ichthyological studies. Morphometric characteristics were analyzed by ANOVA followed by Holm-Bonferroni's post hoc test (Sokal and Rohlf, 1981) for all possible pairwise comparisons from different locations and between sexes.
The length-weight relationship was calculated with the equation W = aL b , where W is the weight (g), L is the total length (cm), a is the intercept, and b is the slope (Ricker, 1975) . Lengths and weights were log-transformed, and the resulting linear relationship was fitted by the least-squares regression. To ensure the quality of the linear regression, the coefficient of determination (r 2 ) was used. Data were analyzed using SPSS 16.0.
Results
Of the 280 specimens, 191 were females (68.2%) and 89 were males (31.8%). The lengths and weights of S. acus ranged from 156 to 392 mm and from 1 to 16.66 g, respectively. The morphology of the sampled fish was described as the relative body proportions of the BH, BW, PFL, DFL, HD, and HL relative to the TL, and the OHH, MH, MW, ED, SW, SL, and SD relative to the HL (Table 1 ). The coefficients of variation (CVs) indicated the highest variability in the SW / HL ratio (CV = 23.0% for males, 20.1% for females), whereas the lowest variability was noted in the HL / TL ratio (CV = 7.2% for male, 6.8% for female). Differences between females and males were found in the maximum body height, maximum body width, and head length as a result of Bonferroni's test (P < 0.05).
The comparisons of the morphometric characteristics of S. acus between different locations are given in Table  2 . There were significant differences in 10 morphometric characteristics (Holm-Bonferroni's test). The specimens of location 1 were morphologically different from the individuals of location 2 in the BH, BW, PFL, DFL, MH, and SW characters. The specimens of location 1 were morphologically different from the individuals of location 3 in the BW, PFL, OHH, SD, SL, and SW characters. The specimens of location 2 were morphologically different from the individuals of location 3 in the HL, OHH, SD, SL, and SW characters.
The estimated parameters of the length-length relationships as well as the coefficients of correlation (r) are presented in Table 3 . The morphometric characteristics were strongly positively correlated except for HL / TL and SW / HL (P < 0.05). The best fit for the length-length relationships was recorded between BH and TL (r = 0.440). The lowest correlation coefficient value was found between MW and HL (r = 0.093).
The relationship between total length (cm) and total weight (g) was highly significant (P < 0.001) (Figure 3 ). Positive allometric growth was observed for all sexes. There were no significant differences (P > 0.05) between the slopes (b) of the TL-TW relationship for females and males as a result of ANOVA; thus, the TL-TW relationship with the sexes combined was expressed as TW = 0.0001TL 3.415 (r 2 = 0.898, n = 280). The slope of the regression line was significantly different from 3.00, thus indicating allometric growth (P < 0.05). The equation for female individuals is TW = 0.00006TL 3.553 (r 2 = 0.911, n = 191) and the equation for male individuals is TW = 0.0002TL 3.154 (r 2 = 0.882, n = 89).
Discussion
The TL-TW relationship of S. acus in the western Black Sea displayed positive allometry. The parameters of the TL-TW relationship of this study and previous studies' results are indicated in Table 4 . TL-TW relationship parameters from the Black Sea, eastern Mediterranean Sea (Koutrakis and Tsikliras, 2003; Gürkan and Taşkavak, 2007; Gürkan et al., 2010) , central Mediterranean Sea (Dulčić and Glamuzina, 2006) , and Arade Estuary (Portugal) (Veiga et al., 2009) show that there is no significant difference (P > 0.05). However, we found that the TL-TW relationships are significantly different (P < 0.05) in the Black Sea, South Africa (Harrison, 2001) , and the western Mediterranean (Valle et al., 2003) . These observed differences could be due to the sampling procedure, seasonal and regional effects, changes in water temperature, salinity, sex, depth, breeding season, and food availability (Tesch, 1971; Wootton, 1992) .
In this study, we found the morphometric characteristics were strongly positively correlated, with the exception of HL / TL and SW / HL (P < 0.05). Mwale (2005) indicated that the morphological characters were positively correlated to standard length (r 2 > 70%) for the European and South African S. acus populations.
Syngnathid species consume mainly planktonic and benthic crustaceans (Brook, 1977; Bell and HarmelinVivien, 1983; Franzoi et al., 1993; Vizzini and Mazzola, 2004) . Kendrick and Hyndes (2005) reported that syngnathid species with long snouts (>0.5 mm of the head length) tend to consume relatively mobile prey, whereas species with short snouts feed more commonly on less mobile prey, such as amphipods, harpacticoid copepods, and polychaetes. Moreover, for the southwestern Australian population, the snout length is 0.43-0.59 times greater than the head length (Kendrick and Hyndes, 2005) . The results of the present study confirm this proportion (0.51-0.57 times the HL). In addition, S. acus ingests harpacticoid copepods in the shallow waters of the Black Sea; in particular, Euterpina acutifrons was the dominant prey item (Gürkan and Aydın-Uncumusaoğlu, 2012) .
According to Gürkan (2008) , for S. acus in the eastern Mediterranean Sea measuring 6.1-25.6 cm TL, the females and males of this species do not differ in their morphometric characteristics. However, morphological variation was found between the sexes of Syngnathus typhle and Nerophis ophidian. Cakić et al. (2002) found significant differences in 16 out of the 18 morphometric characteristics among Syngnathus abaster caught in the Danube River (Yugoslav region), Black Sea, and Azov Sea. Movčan (1988) reported that differences in 5 out of 10 morphometric characteristics, mainly related to the head length, were observed in S. abaster caught in the Black Sea and Azov Sea. This study demonstrates the existence of morphometric variations between sexes and locations in S. acus in the western Black Sea. The variation of morphometric characteristics in specimens from different geographical populations could be caused by differences in the genetic structure or the aquatic ecosystems from which they originated (Movčan, 1988; Cakić et al., 2002; Mwale, 2005) . The major environmental variables responsible for distribution and morphological variation are differences in both the abiotic and biotic habitat characteristics such as temperature, salinity, water depth, direction of ocean currents, substrates, and vegetation types (Wiens, 2001 ). Geographical distance is important in variation because it has a great influence on species dispersal and therefore on gene flow and population mixing (Gill and Kemp, 2002) . The locations of this study were geographically close but significantly different from each other in several characteristics. The İstanbul Strait acts as a biological barrier limiting the distribution of certain species of both Mediterranean and Black Sea origin (Öztürk and Öztürk, 1996) . The main currents in the Black Sea have a circular character and an anticlockwise direction (cyclonic currents). There are small circulations in the waters, but the circulations are of an anticyclonic character (clockwise) in the coastal zones (Zaitsev, 2008) . The Bosphorus eddy (in location 1) and Sakarya eddy (in location 3) are anticyclonic currents and influence the randomized distribution of eggs and population mixing. In addition, the Sakarya River discharges into the Black Sea in the town of Karasu, which changes the salinity in location 3. The biometric characteristics of European and Black Sea S. acus population groups are given in Table 5 . The results of our research on S. acus in the western Black Sea indicate that HL and SL are relatively greater than in European populations. Mwale (2005) compared the biometric characteristics of North Atlantic, South African, and European S. acus populations and found that no single characteristic could reliably separate the North Atlantic and South African populations. The overlap in range values that we observed is normal among syngnathids (Herald, 1965; Fritzsche, 1980) and 2 groups that are closely related or living in similar habitats. In addition, S. acus specimens from Europe differ from the South African specimens, as they have on average more dorsal fin rays, trunk and tail rings, and subdorsal rings. Meristic characteristics were more effective than morphometric characteristics in separating the S. acus populations. It was noted (www.zoonetics.com) that South African and European populations were morphologically different and that segregation by visually comparing their appearance was possible, as one species was larger and had an angled head. It has repeatedly been shown that fish morphology is affected by environmental factors like diet, habitat, and predation risk (Pakkasmaa and Piironen, 2000; Kendrick and Hyndes, 2005; Eklöv and Svanbäck, 2006; Costa and Cataudella, 2007) .
Morphometric measurements are widely used to identify differences between fish populations (Petrakis and Stergiou, 1995; Tzeng, 2004; Cheng et al., 2005; Buj et al., 2008; Torres et al., 2010) . In addition, morphometric studies are essential to understand species variations in features, which are most likely related to habitat differences (Cavalcanti et al., 1999) . For the western Black Sea, the biometric results in this paper are preliminary, and our results should be verified in future genetic studies.
